The ultrastructural composition of basement membranes in vivo by Miosge, N.
Histol Histopathol (2001) 16: 1239-1248 
http:llwww.ehu.es/histoI-histopathol 
Histology and 
H istopat hology 
Cellular and Molecular Biology 
Revie W 
The ultrastructural composition 
of basement membranes in vivo 
N. Miosge 
University of Goettingen, Department of Histology, Goettingen, Germany 
Summary. The ultrastructure of basement membranes 
has a homogeneous appearance.  The  enormous cell 
biological importance of basement membranes and their 
c o m p o n e n t s  fo r  ce l l  prol i fera t ion,  mig ra t ion  and  
differentiation implies that their composition is more 
complex than their structure suggests. To elucidate the 
molecular composition of basement membranes it1 vivo, 
we optimised immunogold histochemistry to allow the 
determination of the molecular arrangement of matrix 
molecules. 
Basically, we apply a mild fixation and embed the 
tissues in the hydrophilic L R - G O ~ ~ ~ .  This preserves the 
basement membrane with a quality similar to freeze 
substitution. The application of two antibodies directed 
toward the C- and N-terminal ends of a molecule and 
coupled to  gold  part icles of different s i zes  a l lows 
determination of the orientation of a molecule within the 
basement membrane. We were able to demonstrate that 
the molecular orientation of the laminin-l  molecule 
changes in the basement membrane according to cell 
biological needs. We also showed that ultrastructurally 
identical basement membranes  like the ones  of the 
proximal  and dis ta l  t ubu les  of  the  k idney  have  a 
differing molecular arrangement. Integrin a7 influences 
the molecular composition of the basement membranes 
at the myotendinous junction. With the help of double 
labelling at the ultrastructural level we could show that 
nidogen-l is CO-localised with laminin-l and only found 
in fully developed, mature basement membranes. In 
general, laminin-l, nidogen-l and collagen type IV are 
localised over the entire width of basement membranes, 
w i th  l a m i n i n - l  a n d  n i d o g e n - l  CO- loca l i sed ,  in 
accordance  wi th  the  cu r ren t  basement  m e m b r a n e  
models. 
Incidentally, our  investigations warn us, that not 
every matrix protein found at the light microscopic level 
as a linear staining pattern underneath an epithelium 
(basement  m e m b r a n e  z o n e )  i s  a rea l  b a s e m e n t  
m e m b r a n e  c o m p o n e n t  w h e n  inves t iga ted  at  t h e  
Offprint requests to: N .  Miosge, University of Goettingen, Department of 
Histology, Kreuzbergring 36, 37075 Goettingen, Germany. Fax: 0551- 
397067. e-mail: nmiosge@gwdg.de 
ultrastructural level. Instead, one and the same molecule, 
e.g. endostatin, can be a basement membrane component 
in one organ and a matrix molecule in another. 
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Introductory remarks 
The elucidation of the biochemical composition of 
the basement membrane components  is already far 
advanced and there is a wealth of in vitro data on their 
binding repertoire and cell biological  activities. In 
contrast, the molecular organisation of these molecules 
in basement membranes in vivo is largely unknown. The 
ultrastructural image of basement membranes has been 
described, but the assembly of components to make a 
basement membrane has not. Whether the structure is as 
uni form on  the  molecu la r  level  a s  impl ied  by i t s  
ultrastructural appearance is still not known. 
The basement membrane structure is altered in a 
wide range of pathologies. In order to influence these 
alterations therapeutically in the future, it is necessary to 
know the normal molecular construction of basement 
membranes in vivo. 
The function of basement membranes and their main 
components 
Basement membranes are condensed, polymer-like 
aggregates  of  the  extracellular  matrix which fulfil 
numerous cell biological functions (Timpl and Brown, 
1996; Timpl, 1996). They not only compartmentalize 
tissues, but, also, support the cell phenotype and exert 
morphogenetic stimuli during development (Hay, 1991; 
Ekblom, 1993). Basement membranes are involved in 
embryonic development (Leivo et al., 1980; Dziadek and 
Timpl ,  1985; Miosge et  al., 1993),  wound heal ing 
(Kefalides et al., 1979), metastasis (Liotta et al., 1984) 
and remodelling of tissues (Ekblom et al., 1996; Streuli, 
1996) .  T h e y  func t ion  a s  f i l t ra t ion  barr iers  in the  
g lomerulus  of the kidney (Caulfield and Farquhar, 









